
Cardiovascular Responses to
Repetitive McKenzie Lumbar Spine
Exercises

Background and Purpose. Repetitive exercises of the type recom-
mended by McKenzie for the lumbar spine, such as flexion and
extension exercises in standing (FIS and EIS) and lying positions (FIL
and EIL), have been used in the management of low back pain for over
20 years. The cardiovascular effects of exercises that involve postural
stabilization and the arms and of exercises performed in a lying
position are well known. Therefore, the purpose of this study was to
examine the cardiovascular effects of 4 exercises used in the McKenzie
system. Subjects and Methods. One hundred subjects without cardio-
vascular or cardiopulmonary disease (mean age531 years, SD56.1,
range522–44) and who were representative of people susceptible to
low back pain were studied. Subjects were randomly assigned to 1 of 4
exercise groups (ie, FIS, EIS, FIL, and EIL). Subjects performed sets of
10, 15, and 20 repetitions of the assigned exercise, with a 15-minute
rest between sets. Heart rate, blood pressure, and rate-pressure prod-
uct (an index of myocardial work) were recorded before and after each
set of repetitions. Results. After 10 repetitions, flexion and extension in
lying were more hemodynamically demanding than in standing. This
trend persisted for 15 and 20 repetitions; however, at 20 repetitions,
the hemodynamic demands were different across exercise groups
(ie, FIL.EIL.FIS.EIS). Discussion and Conclusion. Repetitive exer-
cises of the type suggested by McKenzie for the lumbar spine can have
cardiovascular effects in people with no cardiovascular or cardio-
pulmonary conditions. These effects may be important with respect to
cardiac work, and patients for whom these exercises are indicated
should have a cardiac and pulmonary risk factor assessment to deter-
mine whether heart rate and blood pressure should be monitored.
[Al-Obaidi S, Anthony J, Dean E, Al-Shuwai N. Cardiovascular
responses to repetitive McKenzie lumbar spine exercises. Phys Ther.
2001;81:1524–1533.]
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F
or 2 decades, lumbar spine exercises advocated
by McKenzie for low back pain have been used
for the management of patients with spinal dis-
orders.1–4 These exercises are used to classify

patients as having 1 of 3 syndromes (postural, dysfunc-
tion, and derangement syndromes) and to guide treat-
ment.4 These exercises include repeated flexion and
extension movements performed in different body posi-
tions as part of a routine lumbar spinal assessment and
exercise program.4,5 Although 10 to 15 repetitions are
recommended by McKenzie,6 the cardiovascular effects
of this number of repetitions have not been studied.
Because of this omission, we believe clinicians might
assume that these exercises constitute a safe submaximal
load with no consequential cardiovascular effects, even
when repeated several times a day as recommended for
a home program.4

The initial McKenzie spinal assessment involves sets of 10
to 15 repetitions of spinal loading exercises performed
in different positions.1,3,4 To obtain favorable responses,

or “centralization of symptoms,” to McKenzie exercises,
a clinician may instruct the patient to do more than 10 to
15 repetitions of a specific McKenzie exercise. Some
patients with acute or chronic low back pain will show a
favorable response; however, other patients may require
more repetitions. For example, to document the imme-
diate responses of symptoms to the performance of the
McKenzie exercises, Donelson and colleagues7 reported
using 4 sets of 10 repetitions of lumbar flexion and
extension with 30 to 60 seconds between sets. With the
introduction of the end-range passive exercise table, a
clinician is able to apply repeated cycles of progressive
lumbar end-range exercise in the lying position.6 Based
on the McKenzie approach, a patient performing 10 or
15 repetitions every 2 hours in a home program implies
that end-range exercise will be attained 80 to 100 times
a day. Although 10 to 15 repetitions are recommended
for a home program based on the McKenzie approach,
some patients, believing “more is better,” may perform
more than the prescribed number of repetitions. The
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number of repetitions and the type of exercise can affect
the overall physiologic demand of exercise.8

Some risk factors for back pain are similar to those
associated with cardiovascular disease (eg, lack of phys-
ical conditioning, obesity, smoking).9–13 Several
authors11,14–17 have reported a high incidence of chest
pain on exertion, breathlessness, coughing, and high
blood pressure (BP) in patients with back pain. This
evidence suggests that clinicians working with patients
who have low back pain need to consider that there can
be an increased risk of an adverse cardiovascular
response.

The McKenzie exercises involve muscle co-contraction
to stabilize the trunk and arm exercise, both of which are
associated with disproportionate cardiovascular demand
to a given load compared with leg work.18–20 Patients
with cardiac conditions or high BP are routinely cau-
tioned about exercises requiring isometric muscle con-
tractions and arm work,21–23 because these exercises are
associated with increased cardiovascular stress as mani-
fested by increased work of the heart, which is reflected
by increased heart rate (HR) and BP for a given sub-
maximal load compared with leg exercise. The cardio-
vascular effects of repetitive McKenzie exercises could
have implications for patients with low back pain who
have coexistent cardiovascular conditions. Guidelines
for the use of these exercises, however, are typically not
accompanied by cautions about potential cardiovascular
stress. Thus, understanding the cardiovascular responses
to McKenzie exercises can be useful for clinicians using
these exercises for diagnostic purposes and as an
intervention.

Direct measurement of myocardial work as a function of
myocardial oxygen demand involves invasive techniques
and is not feasible for routine clinical examination.
Simple noninvasive measures of cardiovascular re-
sponses, however, can be obtained with HR, systolic BP,
and the rate-pressure product (RPP).24–27 The RPP is the
product of HR and systolic BP multiplied by 1022. The
RPP is considered an excellent index of myocardial
oxygen demand and, therefore, work of the heart.25,26

Several researchers21,25,26,28–30 have investigated the
effect of various types of submaximal work performed by
the upper extremities on the RPP versus the lower
extremities. The increase in HR and systolic BP per unit
of increase in work is greater during upper-extremity
exercise than during lower-extremity exercise.25,31–35 Iso-
metric exercise has been shown to increase both HR and
BP and, therefore, RPP.8,33 Increases in HR and BP are
proportional to the torque produced by the muscles.36,37

Lumbar spinal flexion and extension involve upper-
extremity work using both concentric and eccentric
contractions. Eccentric muscle contractions are associ-
ated with less oxygen demand (and, therefore, less
cardiovascular stress) than exercises with concentric
muscle contractions.38 These distinctions could become
important when patients with low back pain and with
symptomatic or asymptomatic cardiovascular disease
perform McKenzie-type exercises.

To our knowledge, there are no studies of the cardio-
vascular effects of repetitive McKenzie exercises. The
aim of our study, therefore, was to examine the cardio-
vascular effects of 4 common McKenzie exercises—
lumbar spinal flexion and extension in standing and
lying—when these exercises are repeated 10, 15, and 20
times. We hypothesized that repetitive McKenzie exer-
cises of the lumbar spine would produce marked
changes in the work of the heart and that these effects
increase with multiple repetitions.

Method

Subjects
One hundred subjects (59 men, 41 women) volunteered
to participate in this study. The male subjects had a
mean age of 31 years (SD56.1, range522–43), and the
female subjects had a mean age of 30.6 years (SD56.7,
range522–44). According to McKenzie, this age range
represents individuals at risk for pathology of the spine,
specifically postural syndrome (30 years of age and
younger), dysfunction syndrome (30 years and older),
and derangement syndrome (20–55 years).4,6 The sam-
ple was one of convenience and included university
students and staff. Based on a questionnaire and inter-
view, subjects were excluded from the study if they
reported a history of cardiovascular or pulmonary con-
ditions, anemia, recent musculoskeletal injury, history of
low back pain, intervertebral or facet joint pathology, or
a history of metabolic disorders or smoking. We chose to
eliminate individuals with these pathologies so that we
could first establish the cardiovascular effects of McKen-
zie exercises in the absence of pathology in this prelim-
inary study. Before testing, subjects were informed about
the purpose of the study, the risks, and their right to
terminate participation at any time. All subjects acknowl-
edged their understanding of the study and their will-
ingness to participate by providing signed consent.

Testers
The 2 physical therapists who conducted the testing had
completed the basic 4-part (A to D) series of McKenzie
courses and had an average of 7 years of experience
working with the McKenzie system.
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Research Design
To examine the cardiovascular effects of the 4 exercise
groups, we randomly assigned subjects in blocks so that
each group consisted of 25 subjects. The exercise groups
were designated as flexion in standing (FIS), extension
in standing (EIS), flexion in lying (FIL), and extension
in lying (EIL) (Fig. 1). The experimental protocol was
based on established clinical standards for performing
repetitive exercises of the lumbar spine as advocated by
McKenzie.4 These exercises are performed in an almost
continuous rhythm. On each movement, the subject
reaches the maximum possible end range of his or her

lumbar spine in the direction of the movement and
maintains the position for 1 to 2 seconds before the next
repetition. For the purposes of our study, subjects were
instructed not to hold their breath. A patient normally
completes 10 to 15 repetitions within 1 minute.1–4 Sub-
jects became familiar with 1 of the 4 exercises by verbal
instruction, demonstration, and practice, before being
instructed to perform the exercise for 3 sets of consec-
utive repetitions (10, 15, and 20 repetitions). They
rested 15 minutes after each set to ensure that their HR
and BP returned to resting levels prior to performing the
next set of repetitions.

Figure 1.
Repetitive McKenzie spinal loading exercises (lumbar flexion and extension) performed in standing and lying: (A) flexion in standing (FIS),
(B) extension in standing (EIS), (C) flexion in lying (FIL), (D) extension in lying (EIL).
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Data Collection
Prior to testing, the height and weight of each subject
were recorded. The subject was then seated in a relaxed
position in a firm armchair for 5 minutes, during which
time a questionnaire was completed and the consent
form was reviewed and signed. The questionnaire elic-
ited information about the subject’s exercise history and
activity levels. To establish whether the sample was
homogeneous concerning activity and fitness level, activ-
ity was rated on a 3-point scale (ie, I5regular sports
participant, II5irregular sports participant, and III5not
a sports participant).

The reference position, in which HR and BP were
recorded, was sitting in a chair. Arterial BP was obtained
with a sphygmomanometer applied to the left arm. Cuff
width, position, tightness, and deflation rate were con-
trolled in accordance with American Heart Association
standards to maximize the validity (ie, agreement with
intra-arterial measurements, reliability of the measure-
ments).39 Using a digital stopwatch, the tester deter-
mined the resting HR of the seated subject by counting
the left radial arterial pulse for 30 seconds and multiply-
ing the value by 2 to obtain a minute rate. The subject
then performed 10 repetitions of the assigned exercise

and, on completion, was instructed to assume the initial
resting position.

After each set was completed and the subject returned to
the reference position (within 30 seconds), the tester
recorded HR and BP. The mean of 2 measurements of
HR and BP were obtained from each subject after each
set. The RPP was calculated by multiplying mean HR and
mean arterial systolic BP and then multiplying the
product by 1022. The same protocol was repeated after
the sets of 15 and 20 repetitions of the assigned exercise.
During the 15-minute rest period between exercise sets,
cardiovascular measurements were recorded until they
returned to baseline. The HR and BP data were used to
calculate the RPP after each set of repetitions.

Because 2 testers were involved in data collection, intra-
tester and intertester reliability for obtaining HR and BP
were determined prior to the study, using the same
equipment and standardized procedures,27,39 for 15 sub-
jects. The statistics for intratester and intertester reliabil-
ity of the 3 primary measures (ie, HR, systolic BP, and
diastolic BP)—including intraclass correlation coeffi-
cients (ICCs) calculated from the analyses of variance for
the intratester data and for the intertester data, standard

Table 1.
Statistics for Intratester and Intertester Reliabilitya

Intratester Reliability X SD r ICC 95% CI SEM

Heart rate
Tester 1 .90b .94 .89–.94 .85

Trial 1 80.8 2.81
Trial 2 80.6 2.56

Tester 2 .96b .98 .94–.99 .54
Trial 1 80.8 2.76
Trial 2 81.0 2.88

Systolic blood pressure
Tester 1 .94b .96 .89–.98 2.5

Trial 1 107.5 9.92
Trial 2 104.8 11.55

Tester 2 .99b .99 .994–.999 .64
Trial 1 106.1 10.18
Trial 2 105.6 10.61

Diastolic blood pressure
Tester 1 .97b .98 .96–.99 .73

Trial 1 77.9 4.62
Trial 2 76.8 4.88

Tester 2 .97b .98 .95–.99 .83
Trial 1 77.3 4.99
Trial 2 77.2 5.00

Intertester Reliability ICC 95% CI

Heart rate .93 .85–.97
Systolic blood pressure .97 .95–.98
Diastolic blood pressure .97 .93–.99

a r5Pearson product moment correlation, ICC5intraclass correlation coefficient, CI5confidence interval, SEM5standard error of the measurement.
b P,.01.
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errors of the measurement, and the 95% confidence
intervals—are displayed in Table 1. The measurements
were shown to be highly reliable,40 with all ICCs equal to
or greater than .93. For tester 1, the mean systolic BPs for
trials 1 and 2 were 107.5 mm Hg and 104.8 mm Hg,
respectively, with an ICC of .96. For tester 2, the mean
systolic BPs for trials 1 and 2 were 106.1 mm Hg and
105.6 mm Hg, respectively, with an ICC of .99.

Data Analysis
Descriptive statistics for the dependent measures, includ-
ing means and standard deviations, were calculated for
each set for the 4 exercise groups. A one-way analysis of
variance (ANOVA) for repeated measures was used to
compare the dependent measurements obtained at rest
and after performing the assigned exercises for 10, 15,
and 20 repetitions. Scheffe multiple-comparison post hoc
analysis was used to determine which group or groups
were significantly different from the others. The level of
significance was set at .05.

Results
The demographic information for the subjects is
presented in Table 2. The subjects had a mean age of
30.8 years (SD56.07, range522–44), a mean height of
170.5 cm (SD57.40, range5153–183), a mean weight of
74.5 kg (SD58.16, range557–92), and a mean body

mass index of 25.3 kg/m2 (SD52.87, range518.9–36.8).
Table 2 also shows the subject activity level. The majority
of subjects reported an activity level of III (ie, they were
not a sports participant). Table 3 shows the resting HRs,
systolic and diastolic BPs, and the RPP for the 4 exercise
groups after 10, 15, and 20 repetitions of each type of
exercise. No differences were observed among the
groups with respect to both demographic data and
resting cardiovascular measurements, indicating that the
groups were homogenous.

The HR, BP, and RPP increased proportionately with
increasing repetitions. Because the results for HR and
BP were comparable, only the results for RPP are shown
graphically (Fig. 2). Increases in RPP were observed for
15 and 20 repetitions in 3 of the groups (Tab. 3)—FIS,
FIL, and EIL—whereas the EIS group showed no dif-
ference from baseline. After 15 and 20 repetitions,
however, differences were accentuated with increasing
number of repetitions, and these differences were accen-
tuated further when subjects were lying compared with
standing.

Table 4 presents a summary of the ANOVA results for
RPP among groups and repetitions. Because HR and BP
changes corresponded to those for RPP and because
RPP is the product of these 2 variables, only the ANOVA

Table 2.
Demographic Informationa

Group

TotalFIS (n525) EIS (n525) FIL (n525) EIL (n525)

Sex
Male 13 14 15 14 56
Female 12 11 10 11 44

Age (y)
X 31.0 30.8 31.7 29.8 30.8
SD 6.91 6.6 6.56 3.95 6.07
Range 22–44 23–44 23–42 22–37 22–44

Height (cm)
X 169.3 170.6 170.1 171.9 170.5
SD 8.18 6.26 9.07 5.82 7.40
Range 154–180 158–183 153–180 160–183 153–183

Weight (kg)
X 75.6 73.5 75.3 73.0 74.5
SD 6.77 9.81 7.39 8.54 8.16
Range 60–84 57–92 63–87 57–86 57–92

BMI (kg/m2)
X 26.1 24.7 25.8 24.4 25.3
SD 2.72 3.84 1.96 2.43 2.87
Range 21.7–33.2 20.3–36.8 21.0–29.8 18.9–27.2 18.9–36.8

Activity level
I 8 7 6 4 25
II 5 5 4 6 20
III 12 13 15 15 55

a FIS5flexion in standing, EIS5extension in standing, FIL5flexion in lying, EIL5extension in lying, BMI5body mass index, activity level I5regular sports
participant, II5irregular sports participant, III5not a sports participant.
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summary for RPP differences from baseline is presented.
The RPP prior to exercise was not different among
groups (P ,.34) (Fig. 2). However, the RPP after 10, 15,
and 20 repetitions differed among groups for all repeti-
tions (P ,.000). After 15 repetitions, the work of the
heart during lying (FIL and EIL) was greater than that
during standing (FIS and EIS) (P ,.01). After 20 repe-
titions, the work of the heart was different across all
exercise groups (ie, FIL.EIL.FIS.EIS) (P ,.01).

Discussion and Clinical Implications
The results of our study support the hypothesis that
repetitive McKenzie exercises for the lumbar spine elicit
hemodynamic stress. They increase the work of the heart
in people with no known spinal impairments and
no cardiovascular or cardiopulmonary insufficiencies.
These effects were greater with increased numbers of
repetitions. The increased myocardial work, assessed
noninvasively using RPP, reflects increases in both HR
and BP during multiple repetitions of 4 McKenzie
exercises that are commonly used in orthopedic assess-
ment and management of back pathology: FIS, EIS, FIL,
and EIL. Because an increased RPP is an indicator of

increased myocardial oxygen demand, the results of our
study strongly support the idea that these McKenzie
exercises, typically performed within 1 minute, represent
a risk for a patient with underlying cardiovascular dys-
function. The degree to which an increase in RPP, an
index of cardiovascular stress, represents cardiovascular
strain depends on the underlying pathophysiology.
Thus, a given absolute increase of RPP may be inconse-
quential in a person without cardiovascular or pulmo-
nary pathology; however, it may constitute marked
hemodynamic strain in an individual with such
pathology.

Based on the magnitudes of the ICCs, we are confident
about the validity and reliability of our BP measurements
from which RPP is derived. Blood pressure measure-
ments were recorded by the same person with strict
adherence to American Heart Association standards for
manual BP measurement.39 Adherence to these stan-
dards increases their correspondence to the gold stan-
dard (ie, intra-arterial brachial BP).

Table 3.
Cardiovascular Measurements for the Four Exercise Groups at Baseline and After 10, 15, and 20 Repetitionsa

Exercise
Groups

Heart Rate (bpm)

Baseline 10 Repetitions 15 Repetitions 20 Repetitions

X SD Range X SD Range X SD Range X SD Range

FIS 78.8 3.04 74–84 87.1 6.79 74–96 89.4 8.67 78–112 90.9 7.89 80–120
EIS 81.9 3.39 74–90 81.4 8.60 70–105 78.8 13.20 62–102 78.9 12.91 64–106
FIL 81.5 5.69 74–102 88.7 12.44 68–114 102.6 10.24 85–120 145.1 9.31 126–164
EIL 79.8 4.00 72–84 91.3 9.35 80–105 98.2 10.05 84–120 112.3 9.33 95–134

Exercise
Groups

Systolic BP (mm Hg)

Baseline 10 Repetitions 15 Repetitions 20 Repetitions

X SD Range X SD Range X SD Range X SD Range

FIS 111.6 11.12 96–128 113.5 13.23 90–130 122.4 9.55 106–146 135.0 8.04 116–148
EIS 117.9 9.85 94–124 114.3 14.37 94–138 130.5 19.53 86–160 117.7 14.61 90–140
FIL 114.4 9.65 98–124 125.12 6.93 98–140 140.24 6.59 128–152 151.7 7.40 134–168
EIL 113.4 6.80 100–126 119.3 6.32 102–128 136.6 6.01 126–148 150.4 6.48 130–158

Exercise
Groups

Diastolic BP (mm Hg)

Baseline 10 Repetitions 15 Repetitions 20 Repetitions

X SD Range X SD Range X SD Range X SD Range

FIS 79.5 3.70 70–86 80.6 4.06 70–86 82.2 3.82 74–88 82.7 6.29 74–88
EIS 77.4 4.92 70–86 82.0 5.44 70–86 81.0 4.83 70–86 81.3 9.43 70–86
FIL 79.0 4.69 70–90 79.2 5.13 70–90 83.4 3.45 78–92 86.2 2.90 78–92
EIL 76.8 5.77 70–90 78.1 5.27 70–88 81.6 5.32 70–90 76.8 8.88 70–92

Exercise
Groups

Rate-Pressure Product (1022)

Baseline 10 Repetitions 15 Repetitions 20 Repetitions

X SD Range X SD Range X SD Range X SD Range

FIS 87.8 8.77 74–106 98.6 12.13 80–123 109.3 12.18 98–141 122.7 12.72 96–140
EIS 92.5 9.58 74–104 93.0 15.55 68–127 102.9 24.59 69–160 92.6 17.91 70–126
FIL 90.9 11.05 74–122 110.9 16.41 78–141 144.0 16.04 112–175 220.1 16.57 176–246
EIL 90.5 7.28 74–106 108.9 12.76 88–134 134.0 12.42 108–154 168.6 12.36 148–203

a FIS5flexion in standing, EIS5extension in standing, FIL5flexion in lying, EIL5extension in lying, BP5blood pressure.
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Cardiovascular demands were greater after 20 repeti-
tions of each of the 4 exercises, with the demands of the
exercises increasing to a greater extent in lying positions
(FIL.EIL) than in upright positions (FIS.EIS). This
result is consistent with known physiology.8,33 Because of
cephalad fluid shifts in lying, which increase venous
return and central blood volume, the demand on the
heart in this position is greater than in standing. This is
the basis for a recommendation published almost 50
years ago that advocated placing patients with cardiac
conditions in chairs rather than in beds to reduce
myocardial work.41

Both FIL and EIL produced increases in HR, BP, and
RPP following 15 and 20 repetitions of exercise. Flexion
in lying involves the work of a large muscle mass of the
upper and lower extremities, the abdominal muscles,
and the trunk muscles (acting in a stabilizing role);
therefore, the demand for oxygen to supply the contract-
ing muscles is increased. Consequently, the HR, BP,
cardiac output, and stroke volume are increased.37

Because of the increased effort associated with FIL, the
inadvertent holding of breath and increased intra-
thoracic pressure can increase the resistance to blood
returning to the heart, which leads to a reflex increase in
HR and BP.

In order to effect lumbar extension, EIL, a modified
push-up exercise, involves upper-extremity muscles to
raise the upper-trunk weight against gravity. The results
of our study show that EIL increases the work of the
heart at 15 and 20 repetitions. Several authors8,25,33–37

have reported that, at a constant work rate, HR, systolic
BP, and RPP are greater during arm exercise than
during leg exercise.

The standing position is associated with less cardiac
work, particularly during back extension. Flexion in
standing appears to require the eccentric contraction of
the back muscles, followed by their concentric contrac-
tion to return to the upright position. Extension in
standing appears to require eccentric contractions of the
abdominal muscles to effect back extension, followed by
their concentric contraction to return to the upright
position.42 Because the range of motion during back
extension is less than during flexion, there is presumably
less muscle work, and, therefore, less work of the heart in
extension compared with flexion in both the lying and
standing positions.

Our results indicate that physical therapists should con-
sider monitoring the cardiovascular status of patients
with spinal problems for which McKenzie exercises are
indicated. This is especially true for people with risk
factors and who may have asymptomatic or symptomatic
cardiovascular disease, cardiopulmonary disease, or
hypertension. In addition, deconditioning, smoking,
and obesity increase demands on the heart. Therefore,
we believe the standard McKenzie evaluation form
should include a cardiac and pulmonary risk factor
assessment. We argue that ruling out cardiovascular and
pulmonary disease by interviews and questionnaires
alone is not sufficient. We contend that baseline HR and
BP should be routinely recorded.

In our study, we found that 10 repetitions of spinal
loading exercises in lying or standing positions are
associated with the least cardiovascular stress. Our results
indicate that that the classic McKenzie exercise of
“extension in standing” is the least stressful hemodynam-
ically and, therefore, theoretically the least risky.

Cardiovascular responses, in our opinion, also should be
considered when repetitive McKenzie exercises for the
lumbar spine are prescribed for a home exercise pro-
gram. We believe patients should be warned not to
exceed the prescribed number of repetitions and sets for
each exercise. We also contend that, when prescribing
FIL, the physical therapist should closely monitor the
patient during performance of the exercise to discour-
age inadvertent breath holding or straining. Cardio-
vascular self-monitoring skills should be taught to
patients with risk factors.

Routine monitoring of HR and BP as a fundamental
component of all physical therapist examinations is
consistent with contemporary preferred practice pat-
terns.43 Patients with cardiovascular disease, cardio-
pulmonary disease, hypertension, or the risk factors for
these conditions should be screened carefully. Although,
to the best of our knowledge, adverse cardiovascular
effects of McKenzie exercises have not been docu-

Figure 2.
Mean rate-pressure products (RPP) across groups and repetitions. Zero
repetitions5baseline. Results of post hoc tests: at 10 repetitions:
FIL.FIS*, FIL.EIS**, EIL.EIS**; at 15 repetitions: FIL.FIS**,
FIL.EIS**, FIS.EIS**, EIL.FIS**, EIL.EIS**; at 20 repetitions:
FIL.EIL.FIS.EIS**. *5P ,.05, **5P ,.01. FIS5flexion in standing,
EIS5extension in standing, FIL5flexion in lying, EIL5extension in lying.
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mented, awareness of these effects is important so that
these exercises, which are commonly used in patients
with a primary orthopedic diagnosis, may be judiciously
prescribed.

Conclusion
Repetitive McKenzie exercises for the lumbar spine used
in the routine assessment and management of low back
pain have cardiovascular effects in people with no
cardiovascular or cardiopulmonary conditions and who
are within an age range of people susceptible to low back
pathology. This effect is accentuated with increasing
repetitions. We conclude that these effects are important
with respect to cardiac work and that patients for whom
these exercises are prescribed require a cardiac and
pulmonary risk factor assessment to establish whether
HR and BP should be monitored. The magnitude of the
risk associated with lumbar spinal loading exercises
reflects the type and severity of underlying cardiovascu-
lar or cardiopulmonary pathology, the type of spinal
loading exercise, breathing rhythm, the number of
repetitions and their pacing, and the number of sets and
their frequency throughout the day. Although, to the
best of our knowledge, adverse cardiovascular effects of
McKenzie lumbar spine exercises have not been docu-
mented, practitioners have a responsibility to ensure the
safety and judiciousness of the exercises they prescribe.
Monitoring HR and BP provides an index of the work of
the heart, and erring on the side of caution in those
people who are at risk for cardiovascular and cardiopul-
monary conditions (eg, reducing the number of repeti-
tions to 10 or fewer) is a defensible guideline. Further
research is needed to elucidate those factors that
increase the risk for a given patient. Electrocardio-
graphic studies would help establish the effect of these
exercises on cardiac rhythm and provide a guide to how
they should be performed.
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